An active respiratory chain system was demonstrated in sonically treated mycelium of Streptomyces antibioticus, the producer of antimycin A. The respiratory electron transfer from substrate to oxygen proceeded successively through flavoprotein(s), b-, c-, and a-type cytochromes, and terminated with the cyanide-sensitive cytochrome oxidase. The cytochrome composition of the culture was not affected by the age of the mycelium, the intensity of antimycin A production, or differences in the media. Slater factor, coenzyme Q, and vitamin K were not interposed as hydrogen carriers in the respiratory chain between flavoproteins and cytochromes.
The purpose of the present study was to clarify the pathway of hydrogen (electron) transfer to molecular oxygen in Streptomyces antibioticus, the producer of antimycin A, which has been found to block the electron transport chain specifically between cytochromes b and c (3, 9) . Such a study provides a useful basis for more complete investigation of the physiology of the strain and contributes to the understanding of the respiratory chain of streptomycetes.
MATERIALS AND METHODS
Organism and culture conditions. The strain of S. antibioticus (NRRL 2838) used was for 2 min in an MSE ultrasonic oscillator (20 kc/sec). The unbroken cells and debris were removed by centrifugation. The hemeproteins in homogenates were reduced with Na-dithionite and scanned over the visible range against oxygenated blanks with a recording spectrophotometer (Unicam SP-700).
Protein content of the sonically treated mycelium was determined according to the method of Lowry et al. (11) . Oxidative activities were measured at 30 C by use of standard manometric techniques (16) . For the inhibitor studies 2, 3-dimercaptopropanol (BAL) and fresh solutions of sodium cyanide, 5-ethyl-5-iso-amylbarbiturate (Amytal), 2-heptyl-4-hydroxyquinoline N-oxide (HOQNO), and antimycin A were prepared. An experiment was carried out on presence of coenzyme Q, vitamin K, and other quinones of the respiratory chain (7) in which the 24-, 48-, and 72-hr mycelium from both synthetic and complex media was investigated. The method of Gale et al. (4) was used for extraction of quinones, and that of Burrin and Beeckey (2) was used for their purification.
RESULTS
The sonically treated mycelium of S. antibioticus contains an active respiratory chain system, i.e., capable of catalyzing the oxidation of reduced nicotinamide adenine dinucleotide (NADH2) and succinate (Fig. 1) . The oxygen uptake could always be inhibited by cyanide. The same is true for 2-heptyl-4-hydroxyquinoline N-oxide, which is known to block the flow of electrons between b-and c-type cytochromes (12) . The spectrophotometric evidence (Table 1) composition of the culture was not altered by the age of the mycelium, the intensity of antimycin A production, or by differences in the cultivation media ( Table 1 ). The relative insensitivity of the system to amytal (Fig. 1) terminates with the cyanide-sensitive cytochrome oxidase.
The results of experiments carried out on the effect of BAL on the oxidation of various organic compounds are shown in Fig. 2 . Glucose and pyruvate oxidation were inhibited, while succinate and lactate were BAL-insensitive. The accelerating effect on succinate and lactate is attributable to the oxidation of benzylbenzoate as compound of BAL (8) . Regarding the data obtained, it can be concluded that the investigated strain does not possess the Slater factor (15) as the electron acceptor for succinate oxidation (6) . The observations also show that the oxidation of both NADH2 and succinate was not inhibited by antimycin A (Fig. 1) . Neither coenzyme Q nor vitamin K was found in the sonically treated mycelium (Fig. 3) proved that this insensitivity of the system was not due to lack of permeability, and led to the assumption that the antimycin A-sensitive site, which ought to lie between coenzyme Q or cytochrome b and cytochrome cl (1) was absent. An opportunity now presents itself to draw attention to some similarities between S. antibioticus and most bacteria which are also lacking the antimycin A-sensitive site and are consequently antimycin A-insensitive as distinct from mammalian, fungal, and higher plant cells, all of which possess linked electron transport systems containing the antimycin-sensitive site (13) .
